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DIV ERSITY SCHEME FOR ERROR_6 PNTRQl. COPING 
— IN A SYSTEM WITH P RIORITIZED DATA 

BACKGROUND OF THE INVENTION 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This is a non-provisional appUcation claiming the benefit under 35 U.S.C. § 119 of 
provisional appUcation Serial No. 60/374.030. entitled 'DIVERSITY SCHEME FOR ERROR 
CONTROL CODING IN A SYSTEM WITH PRIORITIZED DATA", filed on 19 APRIL 
2002, which is incorporated by reference herein. 

FIELD OF THE INVENTION 

The present invention generally relates to information transmission systems 
having variable-length packets that carry prioritized data and. more particuiariy. to a 
diversity error control coding method and apparatus for use with such systems. 

BACKGROUND OF THE INVENTION 

Some information transmission systems employ both variable-length packets 
as well as prioritized data G-e.. some data can be classified as low-priority and some 
can be classified as high priority). Examples of such systems include those having 
recent audio and video coding schemes. 

Prior systems have included separating high and low priority traffic and 
differentially protecting them with different en-or control codes. Interieaving is also 
commonly used to spr^ad/despread a burst of errors to make the block coding 
mechanism more efficient. 
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Other information transmission systems only employ variable-length packets 
and not prioritized data. In such systems, the prior art (see, e.g., J. Boyce, "Packet 
Loss Resilient Transmission of MPEG Video Over The Internet", Signal Processing: 
Image Communication 15, pp. 7-24, 1999) discusses techniques to group several 
5 variable-length packets together and to form code words along the vertical dimension. 
FIG. 1 is a block diagram illustrating a grouping of variable-length packets 102A-F, 
according to the prior art. Code words are fomied across several packets vertically, 
and the associated parity symbols are transmitted in a separate packet. For 
example, the first codeword is formed from the first symbol from each packet. The 
10 second codeword is fonned from the second symbol from each packet, and so on. 
The associated parity bytes are transmitted In a separate packet. Since some code 
words are shorter than others, the size of the vertical code words will vary. A mother 
code can be used and variable-length codewords can be fomned by shortening the 
mother code to the appropriate length. 
15 The problem with the prior art techniques is that no additional protection Is 

given to high priority data. One possibility is to group the high priority packets 
together and send them separately using more parity symbols. However, the 
drawback of this approach is that there will be increased latency while waiting for 
enough high priority packets. In practice, the high priority packets are arranged 
20 sparsely. For example, in video, a high priority packet might contain an l-f rame and it 
will be in the middle of several predictive frames that would be marked as low-priority. 

Accordingly, it would be desirable and highly advantageous to have a diversity 
error control coding method and apparatus for use with information transmission 
systems having variable-length packets that cany prioritized data that overcomes the 
25 above-described deficiencies of the prior art. 
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SUMMARY OF THE INVENTION 

The problems stated above, as well as other related problems of the prior art, 
are solved by the present Invention, a diversity error control coding method and 
apparatus for infomnation transmission systems having variable-length packets that 

5 carry prioritized data. 

According to an aspect of the present Invention, there Is provided a method of 
diversity error control coding for a system having variable-length packets that carry 
prioritized data. High priority packets in a data sequence are replicated to fomn virtual 
replications. Parity symbols are generated from the data sequence and from the 

10 virtual replications, and tag information is generated that indicates a number of the 
virtual replications used to generate the parity symbols, for subsequent transmission 
of only the data sequence, the parity symbols, and the tag Infonnation to reconstruct 
the data sequence. 

According to another aspect of the present invention, there is provided a 
15 method of diversity en-or control decoding for a system having variable-length packets 
that carry prioritized data. Data packets, parity packets, and tag information are 
received. The parity packets have parity symbols generated from both the data 
packets and from replications of high priority ones of the data packets. The tag 
information is for indicating a number of the replications used to generate the parity 
20 symbols. The data sequence is reconstructed from the received the data packets, 
the parity symbols, and the tag infomnatlon, without any one of a transmission and 
receipt of the replications. 

According to yet another aspect of the present invention, there is provided an 
apparatus for diversity error control coding in a system having variable-length packets 
25 that carry prioritized data. A replicator replicates high priority packets In a data 
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sequence to form virtual replications. A parity symbol generator generates parity 
symbols from the data sequence and the virtual replications. A tag infomnatlon 
generator generates tag infomnation that indicates a number of the virtual replications 
used to generate the parity symbols. Only the data sequence, the parity symbols. 
5 and the tag infonnation are subsequently transmitted to reconstruct the data 
sequence. 

According to still yet another aspect of the present invention, there Is provided 
an apparatus for diversity error control coding in a system having variable-length 
packets that carry prioritized data. A decoder receives a data sequence that includes 
10 data packets, parity packets, and tag information. The parity packets have parity 
symbols generated from both the data packets and from replications of high priority 
ones of the data packets. The tag information Indicates a number of the replications 
used to generate the parity symbols. The decoder reconstructs data symbols in the 
data packets without any receipt of the replications, and using at least the parity bits 

15 and the tag infomnation. 

These and other aspects, features and advantages of the present invention will 
become apparent from the following detailed description of prefen-ed embodiments, 
which is to be read in connection with the accompanying drawings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a grouping of variable-length packets, 

according to the prior art; 

FIG. 2 is a block diagram illustrating a system 200 to which the present 
invention may be applied, according to an illustrative embodiment of the present 
25 Invention; 
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FIG. 3 is a block diagram illustrating the use of virtual replications of high 
priority packets, according to an illustrative embodiment of the present invention; 

FIG. 4 is a diagram illustrating the packet structure used in the example, 
according to an illustrative embodiment of the present invention; 
5 FIG. 5 is a diagram illustrating the application of codes to packets, according to 

an illustrative embodiment of the present invention; 

FIG. 6 is a diagram illustrating patterns of enors used in the example, 
according to an illustrative embodiment of the present invention; and 

FIG. 7 is a flow diagram illustrating a bootstrap method based on the error 
10 pattern of f=IG. 6, according to an illustrative embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to a diversity error control coding method and 
apparatus for infomiation transmission systems having variable-length packets that 

15 carry prioritized data. The invention achieves a "diversity gain" by performing a 
virtual repetition of the high priority packets and computing additional parity symbols 
for this repetition. The only additional transmission is the additional parity symbols for 
high priority packets and tag information that indicates the number of virtual 
repetitions that were used to create the parity symbols; the high priority packets are 

20 NOT sent multiple times. As used herein, the phrase "information transmission 
system" refers to any system capable of using, transmitting, and/or receiving 
Information. 

The transmission of the addftlonal parity symbols and the use of the virtual 
repetition of the high priority symbols gives a type of "diversity gain" similar to the way 
25 diversity is used in communication systems with multiple antennas (so-called antenna 
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dlversity). This diversity gain occurs because it is possible that one version of the 
high priority packet cannot be reconstructed but perhaps other versions of it (one of 
the virtual repetitions) can be corrected. 

It is to be understood that the present invention may be implemented in 

5 various forms of hardware, software, fimnware, special purpose processors, or a 
combination thereof- Preferably, the present invention is implemented as a 
combination of hardware and software. Moreover, the software is preferably 
implemented as an application program tangibly embodied on a program storage 
device. The application program may be uploaded to, and executed by, a machine 

10 comprising any suitable architecture. Preferably, the machine is implemented on a 
computer platform having hardware such as one or more central processing units 
(CPU), a random access memory (RAM), and input/output (I/O) interface(s). The 
computer platform also includes an operating system and microinstruction code. The 
various processes and functions described herein may either be part of the 

15 microinstruction code or part of the application program (or a combination thereof) 
that is executed via the operating system. In addition, various other peripheral 
devices may be connected to the computer platfonn such as an additional data 
storage device and a printing device. 

It is to be further understood that, because some of the constituent system 

20 components and method steps depicted in the accompanying Figures are preferably 
implemented in software, the actual connections between the system components (or 
the process steps) may differ depending upon the manner in which the present 
invention is programmed. Given the teachings herein, one of ordinary skill in the 
related art will be able to contemplate these and similar implementations or 

25 configurations of the present invention. 



wo 03/090363 PCT/US03/11957 

-7- 

FIG. 2 is a block diagram illustrating a system 200 to which the present 
Invention may be applied, according to an illustrative embodiment of the present 
invention. The system 200 includes a transmitting portion 210 and a receiving portion 
250 coupled via a network or transmission channel 290. It is to be appreciated that 
the present invention may be used In any type of system that employs variable- 
length packets that cany prioritized data. Moreover, it is to be further appreciated 
that in such a system, the functions of coding and transmitting and as well as the 
functions of receiving and decoding may be interchangeably perfomied throughout 
the system so as to exchange data. 

The transmitting portion 210 includes a coder 212 for coding data and a 
transmitter 214 for transmitting the data and other infomiation as described herein 
below. The coder 212 includes a replicator 222, a parity symbol generator 224, and a 
tag Infonnation generator 226. The replicator 222 generates virtual replications of 
high priority packets. The parity symbol generator 224 generates parity symbols for 
both high and low priority packets of data as well as for the virtual replications of the 
high priority packets. The tag infonmation generator 226 generates tag infomiation 
that indicates the number of virtual representations (i.e., how many virtual 
representations were created for a given high priority packet, in creating the parity 
symbols). 

The transmitting portion 250 includes a receiver 254 for receiving data, and a 
decoder 252 for decoding the data. It is to be appreciated that the coder 212 and the 
decoder 252 may be replaced by other elements capable of performing the same 
function while still maintaining the spirit and scope of the present Invention. For 
example, codecs may be used. 
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A brief description will now be given of some observations related to this 
invention. First, high priority packets tend to be fairly long. For an example 
pertaining to video data, the high priority packets are l-frames that contain a lot of 
data whereas the low-priority packets are predictive frames that do not contain as 

5 much data. Second, the "erasures" type of coding will be used, where a dropped or 
lost packet is handled by marking the entire packet as an erasure. Erasures are a 
known technique in error control coding where the decoder is informed of the location 
of an error from some entity that is external to the decoder. For example, the 
processing that detects a lost packet can inform the decoder of the associated 

10 erasures. Third, the longer the packet, the higher the probability of a lost packet. For 
example, in a wireless system, It is possible that channel conditions can change more 
severely during the longer duration of the transmission of a long packet. By 
comparison, there is less of a chance that conditions such as a channel null or 
impulse noise will occur during short packets. 

15 A brief overview will now be given of the present invention. In general, the 

present invention fomns virtual replications of high priority packets at the encoder. 
FIG. 3 is a block diagram illustrating the use of virtual replications of high priority 
packets, according to an illustrative embodiment of the present invention. The 
packets 310 shown in FIG. 3 include a parity packet 310, low priority packets 320, a 

20 high priority packet 330, and a virtual repetition 340 of the high priority packet. 

As used herein, the tenm "virtual replication" refers to a replication of the data 
at the transmitter for encoding purposes, such that the replicated data is not actually 
transmitted over a communications channel. The high priority packets are replicated 
by repeating them (for as many times as needed to effect the required level of error 

25 protection) end-to-end, as Illustrated by the shaded packet 340 shown in FIG 3 that 
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represents a virtual repetition of the high priority packet 330. The associated parity 
symbols (pointed at by an-ows In FIG. 3) are fomned by encoding the two low-priority 
packets as well as the virtual replication of the high priority packet. 

Only the first Instance of the high priority packet Is transmitted over the 

5 channel. The virtual replication Is NOT transmitted. The only additional transmission 
employed by the present invention is the transmission of the additional parity symbols 
that result from the use of the virtual replication, and the tagging of the replication 
information (on the order of a few bits per symbol). 

At the decoder, the virtual replications are formed by replicating the associated 

10 received high priority packets and the packets are decoded and the errors are 
corrected. 

The benefit of the present Invention is that while It is possible that the original 
version of the high priority packet cannot be correctly decoded (due to, for example, a 
large number of errors from dropped packets), It is possible that one of the virtual 

15 replications can be decoded correctly due to the inherent diversity in this scheme. As 
long as just one version of the high priority packets (whether it is the original packet 
or its virtual replication) can be decoded correctly, the high priority packet will have 
been received properly. This can be best illustrated by way of example. 

A brief example of the present Invention will now be provided with respect to 

20 FIGs. 4-6. FIG. 4 is a diagram illustrating the packet structure 400 used in the 
example, according to an illustrative embodiment of the present Invention. FIG. 5 Is a 
diagram illustrating the application of codes to packets, according to an illustrative 
embodiment of the present invention. FIG. 6 is a diagram illustrating patterns of 
errors used In the example, according to an illustrative embodiment of the present 

25 invention. 
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The example will employ three packets. Packet 1 is low-priority with 4 
symbols. As shown in Figure 5, the two high priority symbols of Packet 2 are 
replicated (indicated by symbols with dotted lines) and then the code is applied 
vertically across packets. Different code sizes are used due to the different lengths of 
5 the packets. A (4,3) code is used on the first two columns. The code has 3 data 
symbols and adds 1 parity symbol to form a codeword of length 4. A (3,2) code is 
used on the third and fourth columns. The code has 2 data symbols and adds 1 
parity symbol to form a codeword of length 3. Both of these codes are capable of 
correcting just one error. The assumption is that erasures decoding is used and in 
10 such a scheme, each parity symbol can correct a single error. 

Assume that the packets arrive at the receiver with the error pattem shown in 
FIG. 6. The X's indicate symbols that are received in error. Recall that a maximum 
of one error per codeword can be corrected. 

There are errors in every symbol in both Packets 1 and 2 (periiaps due to lost 
15 packets). The first two columns have 2 errors in each vertical codeword. Since that 
exceeds the correcting capability of the code, NONE of the data in that column can 
be recovered (even the low-priority symbols from Packet 3). However, columns 3 
and 4, which contain the virtual replication of the high priority symbols, only contain 1 
enor each, and thus the enrors In the virtual replteation of the high priority symbols 
20 CAN be recovered. Although Packets 1 and 3 are lost, the high priority Packet 2 can 
be successfully recovered by using the present Invention (without the present 
invention high priority Packet 2 would not be recoverable). In addition, once the high 
priority Packet 2 is recovered from its virtual replication, it can be substituted back in 
for the original high priority symbols in the first two columns as conBct symbols. Then 
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there Is only one en'or per column and the errors in Packet 1 can also be corrected 
via this bootstrap method. 

FIG. 7 is a flow diagram illustrating a bootstrap method based on the error 
pattern of FIG. 6, according to an illustrative embodiment of the present invention. 
5 Parity symbols 613 and 614 are used to con-ect enrors in virtual repetitions 605 

and 606 (step 710). Thus, one parity symbol can correct one error. 

Corrected symbols 605 and 606 are substituted in for the original high priority 
symbols 603 and 604 (step 720). Thus, parity symbols 61 1 and 612 could not correct 
two errors but substitution "removes" one of the errors. 
10 Parity symbols 61 1 and 612 are used to conrect errors in symbols 601 and 602 

(step 730). Thus, there is one error and one parity symbol, so the error can be 
corrected. 

Therefore, the advantage of sending parity symbols instead of simply 
replicating and transmitting the original high priority packets multiple times is that 

15 when an error is made, the original high priority packet is recovered from other 
correctly received packets via the bootstrap method illustratively described with 
respect to FIG. 7. As is evident to one of ordinary skill in the related art, this method 
peri'onms better than a simple packet replication scheme for the same amount of 
transmitted information. 

20 The only additional transmitted overiiead required by the present invention for 

this example is the transmission of 1 additional parity symbol (one symbol for the 
codeword of column 3 and one for column 4) and tag information to indicate how 
many times the data is replicated (on the order of a few bits for the HP packet). 

A brief description will now be given of several main concepts and advantages 

25 of the present invention. The present invention is directed to diversity error control 
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coding for use in a information transmission system witli variable-length packets that 
cany prioritized data. High priority packets are replicated to fomn virtual replications 
of the data. Virtual replications are used in the encoding process to generate 
associated parity symbols, but the replications are NOT transmitted over the channel 

5 (thus conserving bandwidth). Virtual replications of the received data are used by the 
decoder to decode the data. The diversity aspect of decoding allows the high priority 
data to be correctly decoded as long as one or more of the virtual replications of the 
data are successfully decoded. The present invention advantageously provides the 
ability to make the number of replications a function of the priority (e.g., different 

10 levels of priority can have different numbers of repetitions). 

Although the illustrative embodiments have been described herein with 
reference to the accompanying drawings, it is to be understood that the present 
invention is not limited to those precise embodiments, and that various other changes 
and modifications may be affected therein by one of ordinary skill in the related art 

15 without departing from the scope or spirit of the invention. All such changes and 
modifications are intended to be included within the scope of the invention as defined 
by the appended claims. 



